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ABSTRACT 

Statement of Problem: Image distortion in intra and extra-oral radiographs are an un- 
avoidable phenomenon. Patient's positional changes from the routine alignments is an 
important issue for this unwanted alteration, Therefore the accuracy of the dimensional 
measurements will be affected. 

Purpose: Our purpose is to find out the effect of minor changes (possibly happening in 
the clinic) in the position of a human dry skull on the accuracy of the measurements 
acquired by Cone Beam Computed Tomography (CBCT). 

Materials and Method: In this study, 3 locations on the skull were pointed with radio- 
opaque markers. Imaging process with Kodak 9000 CBCT was performed in standard 
and 10 analytically miss- oriented positions. Then 2 distances were measured between 
the centers of markers. Later, these measurements were compared with the standard 
position values. 

Results: There was not any imperative difference in the measurements of the 10 altered 
positions yielded in this study with standard position values. 

Conclusion: According to our results, apparently, the accuracy of linear measurements 
in CBCT images is endorsed by unintentional small changes in the patient's position 
during the projections. 
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Introduction 

During recent decades, several methods were invented 
to assess the maxillofacial area which among them, in- 
traoral and extraoral radiography and recently Cone 
Beam Computed Tomography (CBCT) are more perti- 
nent [1-2]. Spiral CT is usually recognized as a precise 
implement for constructing measurements of bony 
structures; however, they have some limits. The most 
important one is the two-dimensional evaluation of 
a three-dimensional structure. Compared with CT scans. 
In CBCT radiological examinations, the area is scanned 
with a single cone-shaped beam aimed to a flat panel 
detector. The flat panel detector certifies a high spatial 
resolution imaging with isofropic voxels (square cuboid) 



apparently unaltered by minor changes in the inclination 
of the patient [16]. Of these imaging techniques, CBCT 
is capable of assessing facial structures in three dimen- 
sions. As well as three-dimensional evaluation, CBCT 
is capable of producing images with high accuracy and 
resolution [3-4]. 

Initially in 1982, CBCT was developed for an- 
giography and eventually was practiced for maxillofa- 
cial imaging. This technology uses a divergent or cone- 
shaped source of ionizing radiation and a two- dimen- 
sional image receptor. This provides successive images 
in a full scan of the surrounding area [5-6]. A radio- 
graphic image is considered ideal when different meas- 
urements are possible with high accuracy. There are 
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several reasons for the failure to reach this issue; The 
most important is the image distortion [5]. 

Image distortion refers to the changes in size or 
shape and is referred as image size and image shape 
distortion [5]. Two major factors are involved in the 
extra oral radiographic image distortion; the patient 
position and the device arrangements [7]. 

The mechanism of tube rotation in routine em- 
ployment of CBCT devices resembles the panoramic 
machines and the rotation of the radiation unit against 
the image receptor causes the distortion originally. 

The software of the device uses a special algo- 
rithm that expels errors resulted from the distortion just 
before the final image reconstruction, thus the resolution 
and the accuracy of the images do not alter [5, 8]. 

According to our knowledge only three studies re- 
ported the effects of pre-planned changes in the position 
of human dry skull with CBCT. 

Ludlow et al., in a part of their survey, studied the 
relationship between the changes in the position of head 
and the linear measurements of images obtained from 
CBCT. Their study was conducted on dry human skull 
then two rotational and linear changes in position were 
surveyed. Results show the fact that no significant dif- 
ferences exist between linear measurements compared 
to the ideal position [9]. 

Hassan et al. compared the accuracy of linear 
measurements of three- dimensional images obtained 
from CBCT with two-dimensional images acquired from 
conventional radiographs and concluded that changing 
the position of the head in terms of rotation, does 
not affect the accuracy of linear measurements [10]. 
Berco et al., as a part of their study, evaluated the rela- 
tionship between changes in the position of head on linear 
measurements obtained from CBCT images. Their study 
was perfomed on a human dry skull and determined that 
the changes in the position of the skuU (only in a rotating 
position) compared to the ideal position had no signifi- 
cant effect on linear measurements [11]. 

The aim of this research is a comprehensive sur- 
vey of pre-planned changes in the position of human dry 
skull, and their effect on the accuracy of linear meas- 
urements in the images obtained from CBCT. 

Materials and Method 

In this study, human dry skull was used for imaging. 



Preparation of skull 

Three Radio-opaque spherical markers, made of lead 
(with a diameter of 5.2 mm) (Figure 1), were placed in 
three different locations, as follows: 

Marker 1 : on the buccal area between first and sec- 
ond right mandibular molars at the level of alveolar 
crest. 

Marker 2: at the level of markerl, the same region 
the lingual side. 

Marker 3 : In line with marker 1 on the buccal side 

of inferior border of the mandible. 
Four small sheets of paper were installed on the 
skull, containing linear measurements and angles re- 
quired for positioning (Figure 1). 




Figure 1 The black arrow position of the markers. White ar- 
rows location of the pages 

The locations of these sheets are as follows: 

1. On the frontal area of the skull, parallel with the 
axial plane. Midsagittal line and two other lines 
with 10° angle to the first line drawn on it. (The 
right line was named "a" and the left line "b"). Also 
a line (c) perpendicular to the first line was drawn 
with a distance of 7 mm from the frontal surface of 
the skull. 

2. On the frontal area of the skull, parallel with the cor- 
onal plane which midsagittal line and two other 
lines with 10° angle to the midsagittal line were 
drawn on it. (The right line was named "d" and the 
left line "e"). Also, two parallel lines with midsagittal 
and each line with a distance of 7mm were drawn 
(The right line was named "f ' and the left line "g"). 

3. On the mandibular ramus parallel to the sagittal 
plane, a line parallel to the mandibular occlusal 
plane and two lines with 10 degree angle to the first 
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line was drawn. (The upper line was named" 
and the lower line "I"). 

4. Below the chin and parallel to the axial plane, a 
line, along the midsagittal plane was drawn. One 
line (j) perpendicular to the aforementioned line 
parallel to the external surface of the chin was 
traced with a distance of 7mm. 
The skull was then installed in the holder with the 

ability of mimicking all normal positions of the human 

head. 



Table 1 Kodak 9000 CBCT device specifications 


Tube voltage 


60-90 kilo voltage 


Tube current 


12-15 milliampere 


Frequency 


UOkilohertz 


Focal spot 


0.5 millimetre 


Total filtration 


2.5 millimetre aluminium 


Technology 


Digital volumetric tomography 


Technology of sensor 


CMOS with fiber optic 


Volume size 


30*50 


Voxel size 


76*76*76 micrometer 



Imaging 

Kodak 9000 CBCT with the specifications listed in Ta- 
ble 1 was used for imaging. Imaging was performed 
in the standard position of the skull so the mandibular 
occlusal plane was parallel to the surface. Midsagittal 
line which passes anatomic sites such as Nasion, Ante- 
rior nasal spine and Pogonion (This line was drawn on 
the skull), was consistent with the Laser line guide (Fig- 
ure 2). Imaging performed with 60kvp, 6.3mA and was 
10.63s. Then it was repeated at 10 other positions listed 
as follows: 

1. Replacing the skull, 7 mm to the left fi^om the stan- 
dard position, so that the laser guide line of the de- 
vice was based on the "f line. 

2. Replacing the skull 7 mm to the right from the stan- 
dard position, so that the laser guide line of the de- 
vice based on the "g" line. 

3. Replacing the skull 7 mm to the anterior from the 
standard position so that a reference point located 
on the bite block was in accord with the line "c". 

4. Replacing the skull 7 mm to the posterior from the 
standard position so that a reference point located 
on the bite block was in accord with the line "j". 

5. Rotation of skull, 10 degrees to the left from the 
standard position around the vertical axis so that 
the laser- guideline was in accord with the line "a". 

6. Rotation of skull, 10 degrees to the right from the 



standard position around the vertical axis so that 
the laser- guideline was in accord with the line "b". 

7. Rotation of skull, 10 degrees up from the standard 
position around the horizontal axis so that the 
line "I" was parallel to the ground. 

8. Rotation of skull, 10 degrees down from the stan- 
dard position around the horizontal axis so that the 
line "h" was parallel to the ground. 

9. Rotation d position around the sagittal axis so that 
the laser of skull, 10 degrees to the left from the 
standard- guideline was in accord with "d" line. 

10. Rotation of skull, 10 degrees to the right from the 
standard position around the sagittal axis so that 
the laser-guideline was in accord with "e" line. 




Figure 2 Imaging of the Skull 

Images obtained from the Kodak 9000 software in 
which axial shces were parallel to the occlusal plane 
and cross sectional slices were associated with each 
axial section, were reconstructed (Figure 3). Each sec- 
tion had a thickness of 200 micrometers. 




Figure 3 Images obtained fi^om Kodak 9000 software and 
measurements 



Measurement 

Two linear measurements were perfomed between the 
points detemiined by the radio opaque markers on the 
skull. One of them was the transverse distance between 
markers 1 and 2; the other was the vertical distance be- 
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tween markers 1 and 3. 

The two measurements were performed with Ko- 
dak 9000 software. Since the markers were spherical, 
they were emerging as circles in the sectional images. 
Therefore the distances between the centers of the cir- 
cles were measured. These measurements were repeated 
with pre-planned changes in position (10 aforemen- 
tioned positions) of the skull (Figure 3). 

Finally all the measurements carried out in 10 po- 
sitions were compared with the measurements in the 
standard position. 

Results 

In the standard position, the transverse distance ap- 
proximately 11mm and a vertical distance roughly 
15mm was measured. The values which are more pro- 
found in clinical assessments. Then these measurements 
were repeated by pre-planned changes in the posture 
of the skull (10 positions). Values obtained from both 
the transverse and vertical distances measured in each 
position were similar to those in the standard situation. 

Discussion 

As the results demonstrated, the values gained from 
transverse and vertical distances in each position are 
similar to those in standard position. Our aim of this 
study was to investigate the effect of all possible pre- 
planned positions of the dry skull on the accuracy of 
linear measurements based on the images obtained from 
CBCT. The basic requisites for employing sectional 
images, in pre-surgical treatment planning of Implant 
therapy, are the absence of the spatial distortion to yield 
dimensional accurateness of the images and the repro- 
ducibility of linear measurements. An important issue in 
evaluating reformatted CT scan images is the likelihood 
of spatial distortions owing to the anisotropic nature of 
the voxels (rectangular cuboid) creating the images. 
CBCT images are created by isotropic voxels. Any re- 
formatting would not cause any distortion and the posi- 
tion of the subject in the scanning device should not 
influence the accurateness of linear measurements, re- 
corded from the reformatted images. The spatial distor- 
tions of the scanning cylinder are small as the voxels 
that are composing the image are isotropic. From a 
clinical point of view, this means that the positioning of 
the patient is not crucial in CBCT given that all struc- 



tures of interest are included in the scanned volume 
[17-20]. Many studies enrolled to demonstrate the accu- 
racy of linear measurements in CBCT. Suomalainen et 
al. [14] demonstrated that the error of linear measure- 
ments is even smaller with CBCT (3D Accuitomo) than 
with (Multiple Slice Computed Tomography) MSCT in 
the preoperative planning for dental implant treatments. 
The studies of Kobayashi et al., Loubele et al., Veyre- 
Goulet et al., and Kamburoglu et al. showed high accu- 
racy for linear measurements in implant treatment 
measurements. Kobayashi et al., evaluated the accuracy 
of measurement of distance using CBCT (3D Accui- 
tomo) and (MSCT). The vertical distance from an allu- 
sion point to the alveolar ridge was deliberated in five 
cadaver mandibles. A considerably smaller quantity 
error was detected in their study for CBCT than for 
MSCT. They construed that distance can be measured 
precisely using CBCT and it is even more accurate than 
spiral CT [14-15]. 

It is imperative to point out that patient imaging is 
somehow dissimilar to the cadaver studies. To the best of 
our knowledge, only a few studies [9-11], similar to ours, 
performed to depict the effects of pre-planned changes in 
the position of human dry skull with CBCT device. All 
their results suggested that the changes in the position of 
the skull in the device have not caused any signifi- 
cant effect on the performed measurements. Our study 
also aimed to examine a wider range of changes in the 
position of human dry skull on the accuracy of lin- 
ear measurements compared to the previous studies. 
Therefore in this study, all minor possible clinical 
changes in the position of the skull were evaluated. The 
results of aforementioned studies are consistent with our 
findings however our survey was conducted more com- 
prehensively. Based on our knowledge, no more studies 
in this field performed so that we systematically exam- 
ined the accuracy of measurements on the obtained im- 
ages with more changes in the position of the skull. 
Moreover, a concern during imaging with CBCT, that is a 
doubt to the accuracy of measurements while changes in 
standard patient's position defined for the device occur, 
became cleared out. According to our findings it can be 
confidently expressed that the images obtained from 
CBCT which were induced by minor changes in the posi- 
tion of the skull have sufficient accuracy in linear meas- 
urements compared to the standard state. 
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Conclusion 

Since the accuracy of linear measurements on the images 
obtained from the CBCT device with minor changes in 
position of the skull compared to standard position is 
maintained, re-taking of the images in patients with 
slight changes in the position of the head during imaging 
is not required. Moreover, our big apprehension about 
reproducing similar preoperative radiographic images 
during the follow-up period is resolved. 

Acknowledgments 

The authors would like to thank Dr. Shahram Hamedani 
(DDS, MSc) for his critical suggestions and editorial 
assistance with the manuscript. 

This manuscript has been based on postgraduate 
thesis No. 1249 Shiraz University of Medical Sciences, 
Dental Faculty. 

References 

[1] Grimard BA, Hoidal MJ, Mills MP, Mellonig JT, Num- 
mikoski PV, Mealey BL. Comparison of clinical, periapi- 
cal radiograph, and cone-beam volume tomography 
measurement techniques for assessing bone level changes 
following regenerative periodontal therapy. J Periodontol 
2009; 80: 48-55. 

[2] Bender SA, Rogalski JB, Mills MP, Arnold RM, Cochran 
DL, Mellonig JT. Evaluation of dcmincralizcd bone ma- 
trix paste and putty in periodontal intraosseous defects. J 
Periodontol 2005; 76: 768-777. 

[3] Lascala CA, Panella J, Marques MM. Analysis of the 
accuracy of linear measurements obtained by cone beam 
computed tomography (CBCT-NewTom). Dentomaxillo- 
fac Radiol 2004; 33: 291-294. 

[4] Misch KA, Yi ES, Sarment DP. Accuracy of cone beam 
computed tomography for periodontal defect measure- 
ments. J Periodontol 2006; 77: 1261-1126. 

[5] White SC, Pharoh MJ. Oral Radiology I*rinciples and 
interpretation. 6th ed., St. Louis: Mosby; 2009. p. 46-244. 

[6] Sukovic P. Cone beam computed tomography in craniofa- 
cial imaging. Orthod Craniofac Res 2003; 6 Suppl 1:31-36. 

[7] Jacobson A, Jacobson R. Radiographic Cephalometry: 
From Basics to 3-D Imaging. 2nd ed.. Quintessence: 
Publishing Co. Limited, New Maiden, Surrey, UK; 2006. 
p. 264-268. 

[8] White SC. Cone-beam imaging in dentistry. Health Phys 



2008; 95: 628-637. 

[9] Ludlow JB, Gubler M, Cevidancs L, Mol A. Precision of 
cephalomctric landmark identification: cone -beam com- 
puted tomography vs conventional cephalomctric views. 
Am J Orthod Dentofacial Orthop 2009; 136: 1-10. 

[10] Hassan B, van der Stelt P, Sanderink G. Accuracy of 
three-dimensional measurements obtained trom cone 
beam computed tomography surface-rendered images for 
cephalomctric analysis: influence of patient scanning po- 
sition. Eur J Orthod 2009; 31: 129-134. 

[1 1] Berco M, Rigah PH Jr, Miner RM, DeLuca S, Anderson 
NK, Will LA. Accuracy and reliability of linear cepha- 
lomctric measurements from cone-beam computed tomo- 
graphy scans of a dry human skull. Am J Orthod Dento- 
facial Orthop 2009; 136: 1-9. 

[12] Suomalainen A, Vehmas T, Kortesniemi M, Robinson S, 
Peltola J. Accuracy of linear measurements using dental 
cone beam and conventional multislice computed tomo- 
graphy. Dentomaxillofac Radiol. 2008; 37: 10-17. 

[13] Ebrahim DI F, Kwon T, Sekoulidis J, CauUey L, Za- 
jaczkowski 1. Cone Beam CT For Preoperative Dental 
Implant Site Assessment: An Evidence. Based Review of 
the Literature University of Toronto, Faculty of Dentistry 
available at: http://www.utoronto.ca/dentistry/newsresou 
rces/evidence_based/EBR09/Z2EBLREPORT-2009.pdf. 

[14] Suomalainen A, Kiljunen T, Kaser Y, Peltola J, Kortes- 
niemi M. Dosimetry and image quality of four dental 
cone beam computed tomography scanners compared 
with multislice computed tomography scanners. Den- 
tomaxillofac Radiol 2009; 38: 367-378. 

[15] Scarfe WC, Farman AG, Sukovic P. Clinical applications 
of cone-beam computed tomography in dental practice. J 
Can Dent Assoc. 2006; 72: 75-80. 

[16] Choi SC, Ann CH, Choi HM, Heo MS, Lee SS. Accuracy 
of reformatted CT image for measuring the pre-implant 
site: analysis of the image distortion related to the gantry 
angle change. Dentomaxillofac Radiol 2002; 31: 273-277. 

[17] Kim KD, Jeong HG, Choi SH, Hwang EH, Park CS. 
Effect of mandibular positioning on prcimplant site 
measurement of the mandible in reformatted CT. Int J Pe- 
riodontics Restorative Dent 2003; 23: 177-183. 

[1 8] Sforza NM, Franchini F, Lamma A, Botticelli S, Ghigi G. 
Accuracy of computerized tomography for the evaluation 
of mandibular sites prior to implant placement. Int J Pe- 
riodontics Restorative Dent 2007; 27: 589-595. 



5 



